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57 ABSTRACT

A servo control device having a position control unit and a
speed control unit to control a front end point of a machine
of' a machine tool, comprising: a position detecting unit for
detecting a position of a motor; a first position error calcu-
lating unit for calculating a first position error based on a
position command to a motor and position feedback from
the position detecting unit; a torsion estimating unit for
estimating an amount of torsion of the front end point of the
machine; a second position error calculating unit for adding
the first position error and estimated amount of torsion to
calculate a second position error; a coefficient adapting unit
for determining a coefficient of feedforward control so as to
minimize the second position error; and a higher order
feedforward control unit for performing feedforward control
by using the determined coefficient and the position com-
mand.

4 Claims, 9 Drawing Sheets
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FIG. 9
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SERVO CONTROL DEVICE REDUCING
DEFLECTION OF FRONT END POINT OF
MACHINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a servo control device
which controls a machine tool or other machine which uses
a motor, in particular a servo control device which reduces
the “deflection” of a processing point when using a tool to
process a workpiece, that is, a front end part of the tool (a
front end point of the machine), as a driven member which
the motor drives.

2. Description of the Related Art

In general machine tools etc., as control systems for axes
which are driven by motors, there are semi-closed systems
which use detectors which are provided at motors for control
and full-closed systems which have separate detectors close
to the front end parts of the tools (hereinbelow, referred to
as the “front end points of the machines™).

In general, due to cost demands, the former semi-closed
systems are more frequently used. In such a system, when
the rigidities of the motor and the front end point of the
machine are low, there is a problem that elastic deformation
of the machine causes “deflection” or “torsion” to occur and
error arises in the movement of the front end point of the
machine with respect to a command.

On the other hand, in machines in which higher precision
control is necessary, full-closed systems are used. By arrang-
ing a detector near the front end point of a machine, it is
possible to reduce the error between the command and
movement of the front end point of the machine. However,
in general, it is difficult to arrange a detector at the tool front
end part or other position close to the front end point of the
machine. Even in a full-closed system, there is sometimes
error in movement of the front end point of the machine with
respect to a command.

As explained above, when the rigidity of the machine is
low, not only in a semi-closed system, but also a full-closed
system, the “deflection” or “torsion” caused by elastic
deformation of the machine sometimes causes error in
movement of the front end point of the machine with respect
to a command. If such error occurs, the processing precision
deteriorates, therefore control is sought which minimizes the
error.

In the past, to deal with the “deflection” or “torsion” of the
front end point of the machine due to such elastic deforma-
tion, two major methods have been proposed. One is the
control method using feedback which uses the feedback of
a detector of the motor or feedback of an acceleration sensor
which can be arranged at a position close to the front end
point of the machine so as to estimate movement of the front
end point of the machine and uses the results of estimation
to control the motor. The other is the control method which
uses feedforward to predict the “deflection” or “torsion”
from the machine rigidity to correct the commands or the
method of restricting acceleration etc. of a command and
correcting the command so that no deflection of the front end
point of the machine occurs.

For example, the method is known of arranging an
acceleration sensor close to the front end point of the
machine, estimating the “deflection” or “torsion” of the front
end point of the machine from the feedback, and using
learning control for control so that the error between the
command and movement of the front end point of the
machine becomes minimal (for example, refer to Japanese
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Patent Publication of Un-examined application No. 2006-
172149 A). Furthermore, a method has also been disclosed
of estimating the “deflection” or “torsion” of the front end
point of the machine from the feedback of a detector of a
motor without using an acceleration sensor and using learn-
ing control for control so that the error between the com-
mand and the movement of the front end point of the
machine becomes minimum. In this prior art, as the method
of reducing the error, learning control is used, therefore in all
of the above methods, repetition of commands is required.
Therefore, there is a problem that the learning control is not
usable with normal commands.

SUMMARY OF THE INVENTION

The present invention has as its object the provision of a
servo control device which combines a control method using
feedback and a control method using feedforward to thereby
reduce “deflection” or “torsion” of a front end point of a
machine to reduce error of movement of the front end point
of the machine with respect to a command even with normal
commands.

The servo control device according to an embodiment of
the present invention provides a servo control device which
comprises a position control unit and a speed control unit
and which controls the position and speed of a motor to
control a front end point of the machine of a machine tool,
the control device comprising a position detecting unit
which detects a position of a driven member which is driven
by the motor or a position of the motor, a first position error
calculating unit which calculates a first position error from
a position command to a motor and position feedback from
the position detecting unit, a torsion estimating unit which
calculates an amount of torsion of the front end point of the
machine, a second position error calculating unit which adds
the first position error and estimated amount of torsion to
calculate a second position error, a coefficient adapting unit
which determines a coefficient of feedforward control so as
to minimize the second position error, and a higher order
feedforward control unit which uses the determined coeffi-
cient and the position command to the motor to perform
feedforward control.

According to the servo control device of the embodiment
of the present invention, it is possible to arrange an accel-
eration sensor close to the front end point of the machine,
estimate the “deflection” or “torsion” of the front end point
of the machine from the feedback, and use the results of
estimation and the command which is given to the motor to
adaptively determine the coefficient of higher order feedfor-
ward control so as to make the “deflection” or “torsion”
smaller by using the least square method, the steepest
descent method, or other method. This higher order feed-
forward control acts so as to restrict the acceleration of the
command. Consequently, it is possible to decrease the
“deflection” or “torsion”.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present
invention will be better understood by reading the following
detailed description, taken together with the drawings
wherein:

FIG. 1 is a configuration diagram of a servo control device
according to a first embodiment of the present invention;

FIG. 2 is a diagram which shows the structure of a higher
order feedforward control device which is provided at a
servo control device according to the first embodiment of the
present invention;
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FIG. 3 is a flow chart for explaining an operating proce-
dure of a servo control device according to the first embodi-
ment of the present invention;

FIG. 4 is a configuration diagram of a servo control device
according to a second embodiment of the present invention;

FIG. 5 is a diagram which shows the structure of a torsion
estimating unit which is provided at the servo control device
according to the second embodiment of the present inven-
tion;

FIG. 6A shows the results of numerical simulation of error
between a command and movement of the front end point of
the machine when inputting a sine wave command to a servo
control device according to normal control;

FIG. 6B shows the results of numerical simulation of error
between a command and movement of the front end point of
the machine when inputting a sine wave command to a servo
control device according to the second the second embodi-
ment of the present invention;

FIG. 7 is a flow chart for explaining an operating proce-
dure of a servo control device according to the second
embodiment of the present invention;

FIG. 8 is a configuration diagram of a servo control device
according to a third embodiment of the present invention;
and

FIG. 9 is a flow chart for explaining an operating proce-
dure of a servo control device according to the third embodi-
ment of the present invention.

DETAILED DESCRIPTION

Referring to the drawings, a servo control device accord-
ing to the present invention will be explained. However, it
should be understood that the technical scope of the present
invention is not limited to these embodiments and extends to
inventions which described in the claims and their equiva-
lents.

First Embodiment

A servo control device according to a first embodiment of
the present invention will be explained using the drawings.
FIG. 1 is a configuration diagram of a servo control device
according to the first embodiment of the present invention.
The servo control device 101 according to the first embodi-
ment of the present invention is a control device which is
provided with a position control unit 1 and speed control unit
2 and which controls the position and speed of the motor 20
to control the front end point of the machine 30 of a machine
tool. The servo control device 101 is provided with a
position detecting unit 3, a first position error calculating
unit 4, a torsion estimating unit 5, a second position error
calculating unit 6, a coefficient adapting unit 7, and a higher
order feedforward control unit 8.

The control object, that is, the front end point of the
machine 30, is controlled by the motor 20. The torsion 21
and the friction 22 must also be considered. The position
detecting unit 3 is provided near the motor 20, detects
position of the driven member which is driven by the motor
20 or the position of the motor 20, and outputs this as
position feedback to the first position error calculating unit
4.

The first position error calculating unit 4 calculates the
first position error from the position command to the motor
20 and the position feedback from the position detecting unit
3.
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The torsion estimating unit 5 estimates the amount of
torsion of the front end point of the machine 30. The method
of calculation of the amount of torsion will be explained
later.

The second position error calculating unit 6 adds the first
position error and the estimated amount of torsion to cal-
culate the second position error.

The coefficient adapting unit 7 acquires the second posi-
tion error and uses the acquired second position error and
position command to determine the coefficient of higher
order feedforward control by using the least square method
or steepest descent method or other technique to minimize
the second position error.

The higher order feedforward control unit 8 uses the
coeflicient which is determined by the coefficient adapting
unit 7 and the position command to the motor 20 to perform
feedforward control. The correction value which is calcu-
lated by the higher order feedforward control unit 8 is added
by the adder 10 to the position error which the position
control unit 1 multiplies with the position gain. The speed
feedback which was calculated at the speed calculating unit
9 using the position feedback from the position detecting
unit 3 is decreased to calculate the speed command.

The speed control unit 2 obtains the calculated speed
command and outputs a torque command to an amplifier 11.
The amplifier 11 drives the motor 20 in accordance with the
torque command.

Various methods may be considered as the method of
estimation of the amount of torsion. In the servo control
device according to the first embodiment, an acceleration
detecting unit 12 is provided which detects the acceleration
of the front end point of the machine 30. The torsion
estimating unit 5 estimates the amount of torsion of the front
end point of the machine 30 on the basis of the acceleration
which is fed back from the acceleration detecting unit 12.

The torsion estimating unit 5 integrates the acceleration
feedback which was acquired from the acceleration detect-
ing unit 12 by second-order integration to remove the low
frequency component in high pass filtering to thereby esti-
mate the amount of torsion of the front end point of the
machine 30.

Next, the method of calculation of the coefficient by the
coeflicient adapting unit 7 will be explained. The higher
order feedforward control unit forms an FIR (finite impulse
response) type filter structure which has a plurality of
coefficients f,, f}, . . . , fy such as shown in FIG. 2 and is
expressed by the following formula:

FE)~fotf 52 A% 2 L iy

The coefficient adapting unit performs calculation by the
following algorithm when for example using the steepest
descent method:

S~ (1=1)+p(n) e(m) @ (n-m)
where, “f” is a filter coefficient, “e” is error, co is a
command, and “m” is the order of feedforward control from
0to N.

Further, pu(n) is an adaptation coefficient which is for
example calculated by the following calculation formula:

n

Hln) = 1+ wm? +wrn-1)?

where, 1 is a constant.
Note that this calculation is performed every sampling
period. The above formula shows the n-th calculation.
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The higher order feedforward control unit 8 uses the
coeflicient which was determined by the coefficient adapting
unit 7 in the above way and the position command to the
motor to perform feedforward control.

Next, the operating procedure of the servo control device
according to the first embodiment of the present invention
will be explained using the flow chart which is shown in
FIG. 3. First, at step S101, the position detecting unit 3
acquires position feedback. The detected position feedback
is output to the first position error calculating unit 4.

Next, at step S102, the first position error calculating unit
4 calculates the first position error from the position com-
mand to the motor 20 and the position feedback from the
position detecting unit 3.

Next, at step S103, the acceleration detecting unit 12
detects the acceleration of the front end point of the machine
30 for feedback to the torsion estimating unit 5. The data of
the detected acceleration is output to the torsion estimating
unit 5.

Next, at step S104, the torsion estimating unit 5 estimates
the amount of torsion of the front end point of the machine
30 on the basis of the acceleration which was fed back from
the acceleration detecting unit 12.

Next, at step S105, the second position error calculating
unit 6 adds the estimated amount of torsion and the first
position error to calculate the second position error.

Next, at step S106, the coeflicient adapting unit 7 acquires
the second position error and uses the second position error
and a position command to determine and adapt the coef-
ficient of higher order feedforward control by using the least
square method or steepest descent method or other technique
to minimize the second position error.

Next, at step S107, the coefficient being adapted is used
to perform feedforward control.

In the above way, the servo control device 101 according
to the first embodiment estimates the amount of torsion of
the front end point of the machine 30, adds this amount of
torsion to the error, and adaptively determines the coefficient
of higher order feedforward control so as to minimize the
error from the added error and the position command. As a
result, it is possible to correct the speed command by
feedforward control so as to prevent “deflection” or “tor-
sion” from occurring by adapting a suitable coeflicient. With
this method, there is an effect that not only can the amount
of torsion be decreased, but also the delay in control
response can be simultaneously compensated for and as a
result there is no longer error in the movement of the front
end point of the machine with respect to the position
command.

Second Embodiment

Next, a servo control device according to a second
embodiment of the present invention will be explained using
the drawings. FIG. 4 is a configuration diagram of a servo
control device according to the second embodiment of the
present invention. The servo control device 102 according to
the second embodiment differs from the servo control device
101 according to the first embodiment on the point of being
provided with, instead of the acceleration detecting unit 12,
a speed detecting unit 13 which detects the speed of the
motor 20 and a current detecting unit 14 which detects the
current of the motor 20. The torsion estimating unit 5
estimates the amount of torsion of the front end point of the
machine 30 from the speed of the motor 20 and the current
of the motor 20. The rest of the configuration of the servo
control device 102 according to the second embodiment is
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6

similar to the configuration of the servo control device 101
according to the first embodiment, therefore a detailed
description will be omitted.

In the motor control device according to the second
embodiment, the torsion estimating unit 5 estimates the
amount of torsion by an algorithm assuming the control
object is a two-inertia system such as shown in FIG. 5. The
motion equation of the two-inertia mechanical model (fric-
tion ignored) is given as follows:

Im-wp(s)-s = Tm(s) — Kc - (Wn(s) — wr(s) /s
{ JL-wp(s) s = Kc-(wpn(s) —wp(s)) /s + Td(s)

where,

J: inertia;

: speed;

Kc: spring constant;

Tm: command torque; and

Td: disturbance torque=0.

Regarding the suffixes “m” and “L” in FIG. 5 and the
following formula, “m” indicates the motor side, while “L”
indicates the front end point of the machine (load) side.

Therefore,

,,: motor speed;

w;: speed of front end point of the machine (load);

Jm: motor inertia;

JL: inertia of front end point of machine (load);

Om: motor position; and

OL: position of front end point of machine (load).

The amount of torsion is estimated in the following way.

Om(s)-OL(s)=(w,,(s)-w; (5))/s=(Tm(s)-Jmw,,(s)s)/Kc

where, 0 indicates the position.
Here, to avoid the differentiation, a low pass filter of the
time constant T is introduced:
Om(s)-OL(s)=(Tm(s)-Jm-w,,(s)-s)/Kc/(v-s+1)=Tm(s)/
Ke/(vs+1)-Jmw,,(s)/Ke/t-(1-1/(1-s5+1))
The discretization A8 indicates the amount of torsion and
is given by the following formula:

AO(2)=(Tm(z)-F(z)-Jmw,,(2)v-(1-F(2)))/Ke

where, F(z) is a low pass filter.

Since Tm cannot be observed, the current feedback
(torque command) Iq is used. Kt is the torque constant of the
motor.

AB(2)=(Kt-1q(z) F(z)-Jmw,,(2)t-(1-F(2)))/Ke

In the second embodiment, in the same way as the first
embodiment, the amount of torsion of the front end point of
the machine 30 is estimated, this amount of torsion is added
to the error, and the coefficient of higher order feedforward
control is adaptively determined from the added error and
the position command so that the error becomes minimum.
As a result, it is possible to correct the speed command by
feedforward control so as to prevent “deflection” or “tor-
sion” from occurring by adapting to a suitable coefficient.
By this method, it is possible to not only reduce the amount
of torsion but also simultaneously compensate for delay in
control response. As a result, there is an effect that there is
no error in movement of the front end point of the machine
with respect to the position command.

FIGS. 6A and 6B are graphs of observation by numerical
simulation of the error between the command and the
movement of the front end point of the machine 30 when
inputting a sine wave command of 5 Hz according to normal
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control and according to the servo control device 102
according to the second embodiment. The natural frequency
of the machine is assumed to be 15 Hz. In FIGS. 6A and 6B,
the abscissa indicates the time and the ordinate indicates the
magnitude of the error (=command-movement of front end
point of the machine). As shown in FIG. 6A, in the case of
the normal control method, it is not possible to make the
error converge. As opposed to this, when using the motor
control device 102 according to the second embodiment, if
not using the acceleration detecting unit 12 but using the
torsion estimating unit, the coefficient of the feedforward
control is optimized with the time, therefore it can be
confirmed that the error converges.

Next, the operating procedure of the servo control device
according to the second embodiment of the present inven-
tion 102 will be explained using the flow chart shown in
FIG. 7. First, at step S201, the position detecting unit 3
acquires position feedback. The detected position feedback
is output to the first position error calculating unit 4.

Next, at step S202, the first position error calculating unit
4 calculates the first position error from the position com-
mand to the motor 20 and the position feedback from the
position detecting unit 3.

Next, at step S203, the speed detecting unit 13 detects the
speed of the motor 20, while the current detecting unit 14
detects the current of the motor 20. The detected speed value
and current value are output to the torsion estimating unit 5
as speed feedback and current feedback.

Next, at step S204, the torsion estimating unit 5 estimates
the amount of torsion of the front end point of the machine
30 from the speed feedback and the current feedback.

Next, at step S205, the second position error calculating
unit 6 adds the estimated amount of torsion and the first
position error to calculate the second position error.

Next, at step S206, the coeflicient adapting unit 7 acquires
the second position error and uses the second position error
and the position command to determine and adapt the
coeflicient of higher order feedforward control by using the
least square method or steepest descent method or other
technique to minimize the second position error.

Next, at step S207, the coefficient being adapted is used
to perform feedforward control.

In the above way, according to the servo control device of
the second embodiment, it is not necessary to provide the
acceleration detecting unit 12 at the front end point of the
machine 30, therefore a simple configuration can be used to
estimate the amount of torsion.

Third Embodiment

Next, a servo control device 103 according to a third
embodiment of the present invention will be explained using
the drawings. FIG. 8 is a configuration diagram of a servo
control device 103 according to the third embodiment of the
present invention. The servo control device 103 according to
the third embodiment differs from the servo control device
101 according to the first embodiment on the point of being
provided with, instead of the acceleration detecting unit 12,
a speed detecting unit 13' which detects the speed of the
motor 20 and the torsion estimating unit 5 estimates the
amount of torsion of the front end point of the machine 30
from the speed of the motor 20 and the torque command to
the motor 20. The rest of the configuration of the servo
control device 103 according to the third embodiment is
similar to the configuration of the servo control device 101
according to the first embodiment, and therefore a detailed
description will be omitted.
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Next, the operating procedure of the servo control device
according to the third embodiment of the present invention
will be explained using the flow chart shown in FIG. 9. First,
at step S301, the position detecting unit 3 acquires position
feedback. The detected position feedback is output to the
first position error calculating unit 4.

Next, at step S302, the first position error calculating unit
4 calculates the first position error from the position com-
mand to the motor 20 and the position feedback from the
position detecting unit 3.

Next, at step S303, the speed detecting unit 13 detects the
speed of the motor 20 for feedback to the torsion estimating
unit 5 and the speed control unit 2 outputs a torque com-
mand. The detected speed value and the torque command are
output to the torsion estimating unit 5.

Next, at step S304, the torsion estimating unit 5 estimates
the amount of torsion of the front end point of the machine
30 from the speed feedback and the torque command.

Next, at step S305, the second position error calculating
unit 6 adds the estimated amount of torsion and the first
position error to calculate the second position error.

Next, at step S306, the coeflicient adapting unit 7 acquires
the second position error and uses the second position error
and a position command to determine and adapt the coef-
ficient of higher order feedforward control by using the least
square method or steepest descent method or other technique
to minimize the second position error.

Next, at step S307, the coefficient being adapted is used
to perform feedforward control.

As explained above, according to the servo control device
103 of the third embodiment, there is no need to provide an
acceleration detecting unit 12 at the front end point of the
machine 30. Further, there is no need to provide a current
detecting unit 14, and therefore it is possible to use a simple
configuration to estimate the amount of torsion.

What is claimed is:

1. A servo control device which comprises a position
control unit and a speed control unit and which controls the
position and speed of a motor to control a front end point of
a machine of a machine tool, the control device comprising:

a position detecting unit configured to detect a position of
a driven member which is driven by the motor or the
motor;

a first position error calculating unit configured to calcu-
late a first position error on the basis of a position
command to a motor and position feedback from said
position detecting unit;

a torsion estimating unit configured to estimate an amount
of torsion of the front end point of the machine;

a second position error calculating unit configured to add
said first position error and estimated amount of torsion
to calculate a second position error;

a coefficient adapting unit configured to determine a
coefficient of feedforward control so as to minimize
said second position error; and

a higher order feedforward control unit configured to
perform the feedforward control by using said deter-
mined coefficient and the position command to the
motor.

2. The servo control device according to claim 1 further
comprising an acceleration detecting unit configured to
detect acceleration of the front end point of the machine,

wherein said torsion estimating unit estimates an amount
of torsion of the front end point of the machine on the
basis of the acceleration which is fed back from said
acceleration detecting unit.
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3. The servo control device according to claim 1 further
comprising:
a speed detecting unit configured to detect a speed of the
motor; and

a current detecting unit configured to detect a current of 5

the motor,

wherein said torsion estimating unit estimates an amount
of torsion of the front end point of the machine on the
basis of the speed of said motor and current of said
motor.

4. The servo control device according to claim 1 further
comprising a speed detecting unit configured to detect a
speed of the motor,

wherein said torsion estimating unit estimates an amount

of torsion of the front end point of the machine on the
basis of the speed of said motor and torque command
to said motor.
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